The aim of this paper is to present the relationships between the growers and the processors in the supply chain of raw material for processing in Poland and to study the dependence between the level of purchase prices for individual species of fruit for processing and the harvest of these fruits in Poland. The investigations cover the period of 2000-2017. The object of the research were the volume of production and the prices of selected species of the fruits for processing (apples, sour cherries, plums, raspberries, strawberries, currants and gooseberries). The volume of fruit production were determined based on the data of the Central Statistical Office. Purchase prices of fruits for processing were adopted based on data of the Department of Horticulture Economics IERiGŻ--PIB. The dependence was studied by Pearson's correlation coefficient and Spearman's R index. Based on the literature review, among the factors important in relationships between producers of agricultural raw materials and processors can be mentioned: price volatility of the fruits for processing, small production scale, requirement of stable supply, and the ability to impact the quality of the raw materials for processing. The fragmentation of fruit production in Poland makes the small scale of fruit production contributes to the poor (the underlying) fruit growers' position in the supply chain of fruit for processing. Fruit producers must accept the terms of the sale and the price of fruits determined by fruit processing industry. The price for most (aside from the raspberries) species of fruit for processing in Poland were negative correlated with the amount of production while the negative sign shows that the increase in fruit harvest was accompanied by the decrease in purchase price of fruit for processing. The results suggest fruit growers the opportunity of impact on price of fruit for processing by controlling the volume of fruit harvest.
INTRODUCTION
Poland is one of the largest world producers of such fruit as currants, apples, sour cherries, raspberries, gooseberries and chokeberries, as well as a major world producer of strawberries. A considerable proportion of fruit produced in Poland is used in processing -according to the Central Statistical Office (GUS, 2013) it accounted for 33% harvested plums, 72% sour cherries, 81% raspberries, 85% currants, 86% gooseberries and 36% apples (GUS, 2018) . For this reason the fruit and vegetable industry plays a significant role in the distribution chain on the fruit market in Poland. For many years the economic and financial standing of fruit and vegetable processing industry in Poland has been good (Wiśniewska, 2011) , with the industry developing technologically; since the largest processing plants are located in the fruit growing regions they are in the immediate vicinity of an abundant raw material base.
According to GUS (2012 GUS ( -2018 in Poland almost 150 thousand of farms are engaged in fruit production. Due to a considerable fragmentation of fruit production in Poland and the location of many orchards at a considerable distance from processing plants these plants are supplied by intermediaries, i.e. fruit purchasing companies (the so-called collection centres). In a situation when fruits are delivered by growers to the collection centres, fruit growers have no direct contact with the final consignee or buyer of fruit for processing, in this case the processing plant. In view of the above a question arises on the type and character of relationships between fruit growers and the fruit and vegetable industry. The primary aim of this study is to present the relationships between the growers and the processors in the supply chain of raw material for processing in Poland.
Fruit growers enter into interactions with processors in the fruit and vegetable industry in the period of fruit sales. Producers of fruit (particularly soft fruit) have a perishable product, which has to be sold within the shortest possible time after harvest to preserve the quality of fruit. Fruit and vegetable processors need raw material to produce processed fruit products, and the raw material such as soft fruit needs to be purchased immediately after harvest so that the fruit is of the highest possible quality. Problems faced when the two elements in the fruit distribution chain meet and they are related with purchase prices of fruit for processing. Protests of fruit growers are observed in a situation when in their opinion purchase prices of fruit for processing are too low. For this reason the secondary aim of the research was to study the dependence between the level of purchase prices for individual species of fruit for processing and the harvest of these fruits in Poland.
ORGANISATION OF FRUIT PRODUCTION IN POLAND
In Poland the total orchard area increased from 364 thousand ha in 2003 to 431 thousand ha in 2012, followed by a successive decrease in area (Table 1) . The increase was observed mainly in the area cropped to berry shrubs Table 1 . The area of fruit production and the number of farms with orchards in Poland in the period 2000-2017
Item
The area of fruit-bearing trees and shrubs cultivation (ha)
The number of farms with orchards Total
The area of fruit-bearing trees cultivation Source: own elaboration based on Central Statistical Office data (Rynek…, 2004 (Rynek…, , 2005 (Rynek…, , 2008 (Rynek…, , 2011 (Rynek…, , 2013 (Rynek…, , 2018 GUS, 2003; 2012b; GUS, 2007; , 2012a GUS, 2012 GUS, -2018 and strawberries, while the area of fruit tree plantations, although fluctuating, did not change considerably. In turn, in recent years we have been observing a reduction in the area of fruit tree culture. Fruit production in Poland in 2017 was run on almost 400 thousand ha agricultural land, of which on approx. a half (46%) apple trees were grown, with sour cherry trees accounting for 8%, plum trees grown on 4%, strawberries 13%, raspberries 8%, currants growing on 11% and approx. 1% area with gooseberry plantations (Rynek…, 2018) . Fruit production in Poland has been characterised by considerable fragmentation. Detailed data on the number of farms running orchards in individual area groups were presented in the data from the National Agricultural Census of (GUS…, 2003 2012b) . In 2002 orchards were run on almost 317 thousand farms, with over 80% of these cultures covering less than 1 ha ( Table 2) . Similar results were recorded in 2010, as the number of farms running orchards dropped to approx. 264 thousand; still most of them (78%) were orchards of less than 1 ha. In accordance with the new methodology applied by the Central Statistical Office (GUS…, 2014, pp. 42-43) , since 2010 data concerning agricultural land have been given excluding owners of agricultural land, who do not run agricultural activity and owners of less than 1 ha agricultural land engaged in small-scale agricultural activity. In view of these changes, the number of farms running orchards published by GUS has also changed. The reports gave the number of farms with an area covered by orchards exceeding 1 ha, which owners were engaged in agricultural activity. In 2011 there were over 215 thousand farms (Table 1 ) and the number of farms running orchards decreased annually until 2014, when it was slightly over 155 thousand. In the following years the number of farms running orchards increased to over 161 thousand in 2016, whereas in 2017 there 148 thousand farms running orchards.
Detailed data on the number of orchards within individual area groups based on the Agricultural Censuses of 2002 and 2010 provided information on the considerable fragmentation of fruit production in Poland. A change in methodology applied by GUS and classification of some of these small orchards as home gardens did not erase them from existence. A home garden according to GUS (GUS…, 2014, p. 43) is "an area most frequently located next to the farm house (...). It covers the agricultural area cultivated to provide supplies primarily for the farm operator to satisfy the needs of their household. Occasional surplus may be sold. A home garden may comprise both agricultural crops and horticultural annuals, and perennial crops." This means that in the years of bumper fruit crops the surplus of fruit yields from home gardens may be sold on the market and be raw material for processing. Since they are frequently Source: own elaboration based on GUS, 2003; 2012b. extensive cultures, characterised by low inputs into fruit production, the raw material obtained from such small home orchards was burdened with low production costs.
Assuming that crops of these fruits are harvested thanks to surplus labour force of the farmer's family members, even low purchase prices paid by processors do not discourage these farmers from delivering this surplus of fruit to collection centres. This is an advantageous situation for fruit and vegetable processing in Poland, since it provides cheap raw material; however, it is disadvantageous for producers engaged in commercial fruit production, since in the years with bumper crops fruits non-commercial orchards may compete with commercial ones for deals with processors.
RELATIONSHIPS BETWEEN FRUIT GROWERS AND PROCESSORS IN THE SUPPLY CHAIN OF RAW MATERIALS FOR PROCESSING
The supply chain is a network of materials, information, and services processing links with the characteristics of supply, transformation, and demand (Chen and Paulraj, 2004) . A characteristic feature of the supply chain is observed in the interdependence (an economic relationship) between companies and successive processes, based on the flow of streams of products, money and information. The aim of the establishment of this relationship is to improve efficiency of the entire system and its individual elements by alleviating the conflict of interests observed between partners in that chain (Dybowski and Kobuszyńska, 2009 ). Generally speaking the relationship reflects interactions between two or more entities. The concept of economic relationships was defined as a manner of interactions taking place between the company and its contractors and other organisations as well as mutual dependencies of their behaviour in time Kobuszyńska, 2009, after Ford, 2003) .
Economic relationships may vary in type. Fischer et al. (2008) mentioned competitive relationships, relationships consisting in cooperation and those of a command economy. Competitive relationships are characterised by a zero-sum outcome: profit of one of the partners is connected with a loss of the other partner. Cooperationtype relationships are focused on mutual benefits for the partners. Conflicts are minimised and independence of the business partners is fostered. In a command economy relationship the supplier may enforce a dependence of the contractor by offering a unique product or service, or the contractor may have a greater bargaining power resulting from the unique or dominant access to a specific market. The avoidance of opportunism is the main incentive that governs the choice of a command relationship strategy.
Relationships between producers of agricultural raw materials and agri-food processors have been investigated in other studies. Principles for the selection of contractors and suppliers of raw materials based on a fruit and vegetable processing plant were shown by Kowalska (2003) . In turn, Gołębiowski (2009) analysed conditions for vertical integration in the context of transaction costs, while he also mentioned price volatility on the fruit for processing as a barrier for the development of vertical integration. An attempt to identify factors for the development of vertical integration among organic food producers was made by Nasalski (2006) , who indicated factors stimulating and limiting development of individual elements in the distribution chain. The stimulating factors are: reducing market risk (price stabilization) for agricultural holdings and stability of supply and the ability to impact the quality of the raw materials for processing. The limiting factors include the ability to dominate by processors, small production scale, the territorial dispersion of fruit production, the ability to import raw materials at great prices. Similar problems concerning the market of pigs for slaughter and relationships between farmers and processors were discussed by Mroczek (2003) , while a benefits resulting from cooperation of meat processing plants with groups of producers (such as guaranteed supplies continuity and stability and high quality of raw material) were indicated by Knoblauch and Kisiel (2003) .
In turn, American literature on the subject (Grow et al., 2003) describes the operations of organisations, which role is e.g. provide services in negotiating contractual conditions and prices between various participants of the market, including fruit growers and processors. Negotiations conducted by such organisations aimed at assurance that the process of price negotiation takes place rather than assurance of the most advantageous price for the producers. As it was reported by Hueth and Marcoul (2002) , negotiations had a slight direct effect on the price level, they were rather a useful process as a form of price establishment on the market burdened with a considerable level of uncertainty of supply and demand conditions, with negotiating organisations playing an important role in assuring viability of the contracts (their being a reasonable reflection of the market reality). The role and importance of organisations participating in the solution of problems related with the stabilisation of prices for agricultural and horticultural raw materials on the market were indicated e.g. by Campbell (2002) and Hogeland (2009) .
Relationships in the supply chain of fruit for processing in Poland based on the analysis of functioning of the primary market for fruit in the Grójec region were characterised by Borowska and Rejman (2008) . Although the primary sales channel for all fruit species was their sale through an intermediary, producers could see disadvantages of this form of sales, such as excessively high commissions collected by intermediaries (sometimes 1/3 price), price volatility, with prices changed even on a daily basis, the dependence of the price paid by the intermediary on the amount of fruit supplied in a given day, a long period of waiting for the payment for sold fruit, frequently lasting several months, high quality requirements imposed by intermediaries and the resulting purchase of fruit in terms of two quality grades at the simultaneous lack of precise quality grade classification criteria. According to a study by Borowska and Rejman (2008) , sale of fruit directly to processors was observed mainly among large-scale commercial producers of apples and sour cherries, while a too small scale of production caused problems when entering into cooperation with processing plants or execution of contacts for fruit supplies. Halicka (2003) also describes relationships between participants of the fruit supply chain in Poland. Survey conducted among fruit producers and processors indicate that the main factors leading to hold up problems that influence the behaviour and performance of the Polish fruit market include: significant fragmentation of production, weak position of farmers in settings transaction terms and low level of horizontal and vertical integration. Such issue as delayed payments, price instability and changing quality requirements characterise the producer-buyer relationships.
In the context of the relationships between fruit producers in Poland and processors in the fruit and vegetable industry we observe problems in the price of fruit for processing development. Factors affecting sale prices for raw materials on the agricultural markets were presented by Hamulczuk et al. (2012) . He indicate, that prices of agricultural commodities are the result of the supply and demand, the biological and technical nature of agricultural production, inter-market relationship and the impact of macroeconomic factors. In turn, Piwowar (2008) indicated that the demand and supply situation is the factor determining the level of purchase prices for agricultural produce and he listed determinants of prices both on the demand and supply side. One of the factors related with supply is the volume of production of a raw material.
MATERIAL AND METHODS
The aim of the research was to study the dependence between the volume of fruit production in Poland and purchase prices of fruit for processing. These investigations cover the period of 2000-2017. The object of the study were the selected species of the fruits -intended to processing in Poland. The volume of fruit production harvested from the culture of apples, sour cherries, plums, raspberries, strawberries, black currants, red and white currants as well as gooseberries were determined based on the data of the Central Statistical Office (Rynek…, 2002 (Rynek…, -2018 . Purchase prices of apple for processing, sour cherries for juice pressing, sour cherries for freezing, Węgierka plums for freezing, stemless strawberries for freezing, stemmed strawberries for extract production, black currants, red currants, gooseberries and raspberries were adopted based on data of the Department of Horticulture Economics IERiGŻ-PIB gathered from processing plants (Rynek…, 2004 (Rynek…, -2018 .
The relationship between the volume of production for individual fruit species and purchase prices of fruit for processing was investigated applying correlation analysis. The relationship between pairs of variables X (fruit production) and Y (prices of fruit for processing) was studied by Pearson's correlation coefficient and Spearman's R index. Pearson's linear correlation coefficient measures the power of a linear relationship between two measurable traits X and Y (Ostaszewicz, 1998, p. 52 ). The application of Pearson's correlation requires the assumption of normal distribution of variables to be met. The Shapiro-Wilk W test was used in order to verify the hypothesis stating that the distribution of a given variable is a normal distribution (Table 3 ). In the case the rejection of a zero hypothesis stating that the distribution of a given variable is a normal distribution, to estimate the power and the direction of the relationship between the investigated variables Spearman's R correlation coefficient will be applied.
Both Pearson's correlation coefficient and Spearman's R correlation coefficient takes values from the range of [-1,1] . The sign of the correlation coefficient informs on the direction of the correlation and its absolute value -on the power of the relationship. In order to state the significance of Pearson's correlation coefficient Student's t-test with n-1 degrees of freedom was applied, while the significance of Spearman's R correlation coefficient was verified using Student's t-test with n-2 degrees of freedom (Stanisz, 1998) .
RESULTS
Apples are the main fruit produced in Poland. Harvested yields of apples in the period 2000-2017 were increasing ( Fig. 1) mainly thanks to the intensification of their production. Results of a representative study on orchards (GUS…, 2013; 2018) , conducted in 2012 and 2017 indicate a considerable increase in stocking density of apple trees and increasing outlays on production and storage of these fruits. Although commercial production of apples in Poland is run mainly for the market of table fruit, a considerable proportion, as much as 36% this production is used in processing. Industrial processing uses apples obtained from thinning, as well as fruit of inferior quality, rejected during sorting and not suitable for sale as table fruit. Purchase prices of apples for processing are thus significant for apple producers, particularly in a situation when a large part of the harvested yield is of poor quality. Purchase prices of processing apples in the period 2000-2017 ranged from 0.17 PLN/kg in 2009 to 0.7 PLN/kg in 2017 (Fig. 1) . The level of purchase prices of apples for processing was not strongly related with the volume of fruit harvests in Poland. The correlation coefficient was -0.41 (Table 4) , which indicates an average level of correlation, while the negative sign shows that the increase in apple harvest was accompanied by a decrease in purchase prices of apples for processing. The relationship between the volume of apple production and purchase prices of apples for processing was statistically non-significant at p < 0.05. Results of earlier studies by this author (Kierczyńska, 2015) indicate that the level of purchase prices of apples for processing was also connected with e.g. export prices for condensed apple juice, as well as the volume of its production and export.
Harvests of sour cherries in the analysed period of 2000-2017 fluctuated most frequently around 150-200 thousand tons, never to exceed 200 thousand tons (Fig. 1) . Purchase prices for freezing sour cherries were Table 3 . Relations between fruit production quantity and the prices of fruit for processing in Poland in the period 2000-2017
Harvests of apple W = 0.9693 p = 0.7861 apple for processing W = 0.8823 p = 0.0285
Harvests of sour cherries W = 0.8208 p = 0.0030 sour cherries for juice pressing W = 0.9534 p = 0.4820 sour cherries for freezing W = 0.8691 p = 0.0171
Harvests of plums W = 0.9336 p = 0.2246 plums for freezing W = 0.8904 p = 0.0392
Harvests of strawberries W = 0.9659 p = 0.7180 stemless strawberries for freezing W = 0.9578 p = 0.5609 stemmed strawberries for extract production W = 0.8975 p = 0.0521
Harvests of black currants W = 0.9168 p = 0.1136 black currants W = 0.8543 p = 0.0099
Harvests of red currants W = 0.9399 p = 0.2894 red currants W = 0.0817 p = 0.0008
Harvests of gooseberries W = 0.8749 p = 0.0214 gooseberries W = 0.9121 p = 0.0937
Harvests of raspberries W = 0.8941 p = 0.0455 raspberries W = 0.8953 p = 0.0476
Source: own elaboration based on Central Statistical Office data and the Department of Horticulture Economics IERiGŻ-PIB data (Rynek…, 2004 (Rynek…, -2018 .
higher than those for sour cherries for juice pressing (to be used for extract production). The level of purchase prices both for freezing sour cherries and sour cherries for juice pressing was strongly correlated with the volume of sour cherry harvests (Table 4 ) and in both cases this relationship was statistically significant at p < 0.05. Person's correlation coefficient in the case of freezing sour cherries was -0.72, which indicated a very high correlation, whereas in the case of sour cherries for juice pressing the value of this coefficient was lower, amounting to -0.56, which indicates a high correlation. The negative sign of the correlation coefficient indicates that the increase in sour cherry harvests was accompanied by a reduction of purchase prices both for freezing sour cherries and sour cherries for juice pressing.
Harvests of plums in Poland were decreasing in the period 2000-2017 ( Fig. 1) . On average they amounted to 100 thousand tons, with the lowest harvest recorded in 2017 (60 thousand tons), while it was highest in 2001 and 2004 (132 thousand tons). Purchase prices for Węgierka plums for freezing ranged from 0.4 PLN/kg in 2004 and 2006 up to 2 PLN/kg in 2017 and they were strongly correlated with the volume of plum harvests (Table 4 ). Person's correlation coefficient was negative and amounted to -0.77, which indicates a very high correlation and this suggests that a decrease in plum yields in Poland was accompanied by an increase in purchase prices of these fruits for processing.
Strawberries are a fruit species produced for the market of table fruit and they are a valuable raw material for processing. In Poland strawberries for processing have a high share in the production structure of these fruits. The volume of strawberry yields in the period 2000-2017 most frequently ranged from 150 to 200 thousand tons, with record yields obtained in 2001 (242 thousand tons). Purchase prices both for freezing strawberries and strawberries for extract production were in that year the lowest, amounting to 0.98 PLN/kg and 0.6 PLN/kg (Fig. 2) . In all the years of the investigated period purchase prices for stemless strawberries for freezing were higher than those of stemmed strawberries for extract production due to higher costs incurred for harvesting stemless raw material. The relationship between the volume of strawberry harvests in Poland and purchase prices both for stemless and stemmed strawberries was rather strong (Table 4) ; however, a high correlation was found only in the case of stemmed strawberries (-0.51), while for stemless strawberries they were recorded at an average level (-0.48). In both cases Pearson's correlation coefficient was statistically significant at p < 0.05 (Table 4 ).
The volume of black currant harvests ranged from 93 thousand tons in 2000 to over 154 thousand tons in 2013, to decrease from year to year in the successive period (Fig. 2) . Purchase prices for black currants were negative, but relatively weakly correlated with the volume of harvests. Person's correlation coefficient amounted to -0.41 and indicated an average correlation (Table 4 ). It was also statistically non-significant at the assumed significance level p < 0.05. Harvests of red currants were approx. three-fold lower than those of black currants and decreased in the analysed period from 56 thousand tons in 2001 to 30 thousand tons in 2017 (Fig. 2) . Purchase prices for red currants ranged from 0.75 PLN/kg in 2005 to 4.3 PLN/kg in 2017, while the relationship between purchase prices for these fruits and the volume of harvests was strong (Table 4 ). Pearson's correlation coefficient amounted to -0.60 indicating a high correlation and it was statistically significant at p < 0.05. This means that a decline in red currant harvests was accompanied by an increase in purchase prices of fruit for processing.
Gooseberries are a fruit species, which harvests decreased three-fold in the analysed period from almost 30 thousand tons in 2001 to 10 thousand tons in 2017 (Fig. 2) . In turn, the level of purchase prices for gooseberries, despite a continuous decrease in harvests of these fruits, fluctuated considerably in the analysed years from 3.4 PLN/kg in 2003 to 0.75 PLN/kg in 2005. Person's correlation coefficient between the volume of gooseberry harvests and purchase prices for processing fruit was negative and amounted to -0.29 (Table 4 ), indicating a weak relationship between the investigated parameters. It was statistically non-significant at p < 0.05.
Raspberry harvests increased in the analysed period from slightly below 40 thousand tons in 2000 to 129 thousand tons in 2016 (Fig. 2) . The increase in the volume of raspberry harvests in Poland was caused, among other things, by a considerable demand for the fruit for processing. An increase in the raspberry harvests was relatively weakly correlated with the fluctuations in purchase prices of raspberries for processing. Pearson's correlation coefficient was positive in this case, indicating that an increase in raspberry harvests was also accompanied by an increase in purchase prices of the fruit for processing (Table 4 ). The value of the correlation coefficient amounting to 0.38 indicated an average power of the relationship between the investigated parameters, while Student's t-test indicated a lack of significance for this relationship at p < 0.05.
The negative value of correlation coefficients between the harvest of fruits and the prices of most of the fruits for processing in Poland indicate that the increase in those fruits harvests were accompanied by reduction of their purchase prices. Moreover, the strong and significant correlation between the amount of the production of the fruits and the prices of fruits for processing means that the supply of fruits may be an important factor affected the prices of fruits for processing. The positive value of correlation coefficient between the volume of raspberry harvest and purchase price of raspberry for processing suggests that the other factors (e.g. demand factors) affected the price of raspberry for processing. Fig. 2 . Prices of strawberries, currants, gooseberry and raspberry for processing and amount of these fruit production in Poland in 2000-2017 Source: own elaboration based on Central Statistical Office data and the Department of Horticulture Economics IERiGŻ-PIB data (Rynek…, 2004 (Rynek…, -2018 .
